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THE ECCRINE AMPULLA: MORPHOLOGY AND FUNCTION*
L. J. A. LOEWENTHAL, M.D., M.R.C.P.
The structure previously described as "the
human eccrine sweat gland ampulla" (1) has
now been the subject of further study. Exami-
nation of serial sections from 49 specimens has
confirmed the invariable presence of a structure
with specific morphological features at the
junction of the secretory and ductal portions of
the sweat coil. It may be seen in various phases
of dilatation or contraction (Figs. 1, 2j); the term
"ampulla" would not of course be applicable to
the latter unless one knew that the structure
was capable of wide dilatation in certain re-
produceable circumstances.
"Ampulla" has previously been used to
designate the whole secretory portion of the coil
but has fallen into desuetude, except for its
recent appearance in an illustration borrowed
from von Brunn (2) by Maximow and Bloom
(3) who, however, refrain from defining it in
their text. Montagna (4) makes frequent men-
tion of a "transition segment" between the
secretory and duct portions of the coil gland.
From his mention of basal and superficial cells
and other discrepancies, it is unlikely that he
is referring to the eccrine ampulla.
MATERIAL AND METHODS
Portions of skin were obtained from 32 adult
white males and post-mortem from one elderly
white male. Eight were normal volunteers, S others
had normal skin and were under general anesthesia
for major surgery, 15 were suffering from miliaria
and 1 from atopie dermatitis. In all 49 specimens
of skin were examined; if investigation included
the examination of control and tested areas, the
control specimen was removed first and the drug
to be tested injected thereafter, either in a sym-
metric site or, in the case of operation specimens,
into the opposite lip of the incision. In the 24
subjects not under surgical anesthesia skin was
* From the South African Institute for Medical
Research; aided by a grant from The Rand Mutual
Assurance Company Limited, Johannesburg,
South Africa.
The author is indebted to Dr. A. M. Butter-
worth for technical assistance.
Received for publication June 15, 1960.
t These and subsequent illustrations are ori-
entated so that the flow of sweat may be pictured
as proceeding from left to right.
removed with the electrically operated biopsy
punch, with or without prior injection of a local
anesthetic; it was found, early in this study, that
Carbocaine did not affect the structures to be
examined and it was therefore used in all cases
during the latter part of the investigation.
All specimens were fixed in formalin and paraf-
fin-embedded. Serial sections were cut at 4 micra
and mounted with 3 to 5 sections per slide. Every
second or third slide was routinely stained with
the periodic acid-Schiff method and the interven-
ing ones held in reserve for special staining when
an ampulla was located. Where only the coiled
portion of the eccrine unit required examination
a considerable saving of time was achieved by
cutting sections parallel to the skin surface, from
below upwards; by this modification all the sweat
glands are found in a narrow zone and hence can
be examined in comparatively few sections.
Staining methods comprised: Periodic acid-
Schiff (PAS), after McManus with saliva control
when required and Mayer's or Delafield's hema-
toxylin; hematoxylin and eosin; Mallory's phos.
photungstic acid-hematoxylin (PTAR); Gomori 's
trichome (5); pyronin-methyl green (IJnna-Pap-
penheim), using Jordan-Baker's modification;
toluidine blue, with acetate buffer, at pH 3, 4
and 5; the Feulgen reaction, using the modified
Schiff stain of de Tomasi; the calcium-cobalt
method for alkaline phosphatase, after Gomori,
and acridine orange with subsequent examination
under the fluorescent microscope.
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MORPHOLOGY
The following description is based on the
serial examination of over 300 eccrine glands.
The ampulla begins abruptly at the distal end
of the secretory tubule and continues for a
distance of from 35 to SO micra, terminating in
a sphincter which represents the first part of
the duct. Only one ampulla is present in an
ecerine unit. When PAS staining is used rou-
tinely the ampulla stands out sharply, even
when contracted, by reason of the sudden change
from the predominantly red secretory tubule to
the blue of the ampulla; the crowding of the
parietal cells, even when the ampulla is dilated,
and the avidity of their condensed nuclei for
baematoxylin and other basic dyes provide a
contrast which makes the detection of this
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Fin. 1 (3/28). Diagonal cut of dilated ampulla. Note abrupt transformation from secretory tubule,
intense staining of parietal cells and thickness of basement membrane. PAS stain (x1024).
Fin. 2 (4/1). Contracted ampulla. PAS stain (X 1024).
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FIG. 3 (2/17). Dilated ampulla in general view of eccrine gland. PAS stain (X 151).
FIG. 4 (4/31). "Spurs" at commencement of ampulla. Note single row of parietal cells. PAS stain
(X 1024).
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structure comparatively simple during the
examination of serial sections.
With several other staining methods (e.g.
PTAH) the duet of the ecerine coil contrasts
with the secretory portion, for owing to its
relatively scanty cytoplasm and absence of
clear cells the duct tends to appear darker, as
well as narrower. In general the ampulla shows
the same characteristics and, when contracted,
is more likely to be mistaken for duct than for
secretory coil. When dilated it can easily be
detected even under low-power magnification,
by its distinctive shape (Fig. 3). Its commence-
ment is often marked by a projecting spur on
either side (Fig. 4), representing the last cell
of the secretory duct; the spurs are usually not
directly opposite and the ampulla, therefore,
tends to have a longer and a shorter wall, sug-
gesting that we are actually looking at plane
sections cut from a spiral.
The wall consists of a single layer of cuboidal
cells with an occasional myoepithelial cell ap-
posed to the basement membrane. The nuclei
of these myoepithelial cells may be absent from
the greater part of the ampulla, leaving it with
a wall of single cell depth, re-appearing in
greater number at the sphincter. The cuboidal
cells appear crowded owing to the larger ratio
of nucleus to cytoplasm and the nuclei them-
selves stain intensively with basic dyes. It has
not been possible to confirm Montagna's (4)
statement that the "luminal cells in the first
portion of the duct contain granules which
resemble those in the secretory cells", either
Sehiff positive or basophilic. The nuclei of the
sparse myoepithelial cells of the ampulla proper
lie roughly in its long axis but gradually come to
lie transversely as the sphincter is approached
(Fig. 5). It is to be noted that a contracted
ampulla (Fig. 2) gives the impression of walls of
more than one cell in thickness; any degree of
dilatation, however, reveals the single cell ar-
rangement (Fig. 4). Selective staining (PTAII,
Gomori's trichome) demonstrates that the myo-
epithelial fibers are sparse and longitudinal (Fig.
6), or possibly spiral, at the ampulla proper.
The nuclei of the parictal cells lie close to the
lumen and with the usual staining methods no
cuticle can be seen; this appears gradually in
the sphincter region (Fig. 5). Nevertheless, a
thin lining "membrane" can be demonstrated
with special methods, such as PTAII or alkaline
phosphatase routine; these reactions do not, of
course, determine the presence of a true mem-
brane but may simply be a reactive zone in the
luminal cytoplasm. The basement membrane is
as thick as that of the secretory coil throughout
the length of the ampulla; it becomes thin
abruptly at the sphincter and from there on
is seen as a fine line of Schiff positive saliva re-
sistant membrane.
The sphincter, which has about the same
length as the ampulla, is shown in Fig. 5 as the
region where the myoepithelial cells lie trans-
versely and hence with nuclei cut across and no
longer elongated. When a tangential cut is
obtained, as in Fig. 7, the nuclei are seen to be
arranged in a circular pattern, so as to envelop
the duct, and long cytoplasmic fibers can be
seen, even with PAS staining. The demon-
stration of myoid fibers by special methods is
difficult, chiefly due to the density of the crowded
nuclei, but can sometimes be achieved by a
lucky cut (Fig. 8). They have also been demon-
strated by their bircfringence under polarized
light.
Micrometer measurements show the diameter
of the lumen of a dilated ampulla to measure
up to 47 micra; that of a patent sphincter was
8.5 micra. Allowance should be made for changes
due to formalin fixation and paraffin embedding.
The sphincter, like the ampulla, is independent
of the state of dilatation of the remainder of
the ecerine unit. Even in cases where the re-
mainder of the duct is widely dilated the sphinc-
ter remains within a very narrow range of ex-
pansion; this property is shared by the first few
coils of the duct, which dilate only gradually
(Fig. 9).
The appearance of canaliculi in the ampulla
was a surprising feature (Fig. 7) and at first
the appearances were assumed to be artifact,
but a careful re-examination of many PTAII-
stained sections showed that in two instances
minute canaliculi could be demonstrated "end
on" in the intercellular cement substance of the
ampulla (Fig. 10).
STAINING REAcTIoNs
So far only paraffin embedded sections have
been studied. It is necessary to examine strictly
serial sections stained with the PAS routine
(using alternate batches of from 3 to 5 per slide)
in order to locate the ampulla; if this is still
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FIG. 5 (4/5). Ampulla and sphincter. Note progressive thickening of cuticle and changing direction
of myoepithelial nuclei. PAS stain (X 1024).
Fju. 6 (5/38A). Myoepithelial fibers in long axis of ampulla. PTAH stain (X 1024).
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Fiu. 7 (4/21). Circular arrangement of myoepithelial cells at sphincter with myoid fibril (F) and
canaliculus (C). PAS stain (X 2581).
flu. 8 (4/30). Transverse section of sphincter. Circular myoepithelial cells. PTAH stain (x 2581).
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FIG. 9 (4/23). Progressive dilatation of successive coils of duct (D) from a contracted ampulla (A).
&S stain (X 516).
FIG. 10 (5/lA). Stomata of 2 canaliculi, seen end on, in the intercellular cement substance of the
wall of the ampulla. PTAH stain. Objective 100, ocular 10; enlarged to 5162.
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visible on the end section of the slide the neigh-
boring one in series can then be stained with
other methods. This is, however, inapplicable to
ordinary frozen sections, which cannot be ob-
tained serially. A freezing microtome (cryostat)
will therefore be used to produce serial sections
for more precise histochemical work, to be re-
ported later, and the results given here are to be
understood as subject to such inaccuracies as
may follow paraffin embedding.
Periodic Acid-Schiff
As previously mentioned the abrupt change
from secretory coil to ampulla is beautifully
demonstrated. No Schiff positive granules are
seen in the cuboidal cells, but a fine line of
glycogen dots (confirmed by saliva control) is
seen to extend longitudinally from myoepithelial
nuclei; they are assumed to be located in or
around the myoepithelial fibers. The basement
membrane shows the usual non-glycogen positive
reaction; glycogen re-appears at the sphincter,
in a circular arrangement, following the myo-
epithelial fiber pattern, and continues in the
basal layer of the duct.
Phosphotungstic Acid-Hematoxylin
Longitudinal myoepithelial fibers can be
demonstrated in contact with the basement
membrane of the ampulla (Fig. 6) and in lightly
stained sections, circularly at the sphincter
(Fig. 8). Terminal bars are seen in many speci-
mens and an occasional canaliculus has been
seen and pictured in Fig. 10. Mitochondria show
well except at the ampulla, where the paucity
of cytoplasm makes their recognition difficult.
They are certainly present, but it is not possible
to state in what amount.
In a few sections stained with PTAH an im-
pression was gained of numerous minute villi
projecting into the lumen of the ampulla; these
suggest tbe blunt papillae visualized by Charles
(6) by electron microscopy and reproduced in
his Fig. 7, in what is described as a transverse
section of the duct just above the secretory por-
tion of the gland. The lumen is large and it is
possible that this is a section of the ampulla.
Alkaline Phosphatase
Nuclei at the ampulla constantly show deeper
staining than those in neighboring portions of
secretory or duet tubule; the luminal border
shows a sharply defined, narrow, black zone
(Fig. 11). Tbis recalls the alkaline phosphatase
activity in the intestine and of the brush border
of the proximal convoluted tubules of the kidney
(7), with similar darker staining of the nuclei,
the latter being attributed by Pearse (8) to
nuclear staining through diffusion artifact.
Pyronin-Methyl Green
The cells of the ampulla and first 2 or 3 loops
of the duct show pronounced pyroninophilia of
their cytoplasm; this phenomenon, as is the ease
with other staining methods, begins abruptly
at the spur marking the entrance to the ampulla
(Fig. 12). After the first few loops the cells of
the duct show a progressive diminution and final
disappearance of eytoplasmie pyronin staining.
Extraction of RNA with ribonuelease has not
yet been performed, but complete extraction
with 0.95% sodium chloride was obtained.
Feulgen (Nucleal) Reaction
This is pronounced in the myoepithelial nuclei
especially at the sphincter. The nuclei of the
euboidal cells show the same intensity as those
of the secretory coil, and less than the basal
layer of duct cells.
Toluidine Blue
Beta-metaehromasia is seen in granules of
adjacent mast cells; questionable metachro-
masia is seen in cells of the secretory portion at
p113, but at none of the pH levels used could it
be clearly shown in the ampulla. Basophilie
granules are present in the same distribution
as those revealed by pyronin and are presumably
RNA, as concluded by Montagna et al (9).
Basophilia is marked at the ampulla, contrasting
with the patchy basophilia of the secretory coil
and equalling or exceeding that of the basal
layer of the duct.
Acridine Orange
Fluorescent microscopic examination revealed
bright coppery orange staining at the ampulla.
Although individual nuclei showed a similar
fluorescence in other parts of the ecerine unit,
their close apposition at the ampulla and pos-
sibly a brighter fluorescence made this structure
easily detectable under low magnification. The
results are in conformity with those of the other
methods used to demonstrate nucleic acids.
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FIG. 11 (5/43A). Transverse section of ampulla. Alkaline phosphatase (X 2581).
FIG. 12 (5/40A). Cytoplasmic pyroninophilia beginning abruptly at commencement of ampulla.
Pyronin-methyl green (x 1024).
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PHYSIOLOGY AND PHARMACOLOGY
In a given specimen of skin from a normal
subject the ampullae tend to be uniform in
their state of dilatation or contracture, though
an occasional exception may be seen. This could
be correlated with Kuno's (10) demonstration
of "active" and "resting" eccrine glands. The
size of the ampulla is not in any way related to
the degree of distension of secretory coil and
duct, which may be widely dilated while the
ampulla is contracted and vice versa. It should be
realised that an estimate of the size of an am-
pulla cannot be given unless the whole structure
has been viewed in serial sections; tangential
cuts from dilated ampullae are especially liable
to simulate contraction. In the first report
of the ampulla (1) it was suggested that con-
traction might be the result of previous local
anesthetic and/or epinephrine injection: further
study has shown that this is not the case.
Normal State of the Ampulla
In 5 out of 6 normal subjects, not subjected
to previous local injection or to deliberate
change of temperature, and not under general
anesthesia, all ampullae were tightly contracted.
Effect of Drugs
As described under "Material and Methods"
the control section was removed first and the
intradermal injection of the drug to be tested
given thereafter; in this way diffusion to the
control side by the blood stream was avoided.
Tests were made in subjects whose ampullae
were dilated, and in others whose ampullae were
contracted at the time of the investigation.
The following substances were tested (number
of trials in parenthesis):—
Mecholyl 2.5 mgm (3); Atropine 0.3 mgm (3);
Carbocaine (1-Methyl-2-piperidine carbon)-
2.6 dimethylanilide hydro-ehloride (2); Ravo-
caine (Propoxyeaine, Procaine and Levertere-
nol) (1); Epinephrine (1); Sodium nitrite 0.1
mgm (1), and Hydrocortisone 10 mgm (1).
The average length of time between injection
and excision was four minutes. In no case was
any difference in size of ampullae noted, in
comparing the control and tested sites.
Effect of Temperature
In a single trial in a normal subject the control
specimen was removed without anesthesia and
the test specimen after freezing with ethyl
chloride. The ampullae were uniformly dilated
in both specimens, this incidentally being the
only normal to show dilatation.
Induction of thermal sweating, by means of
the "hot box" for a period of from 1 to 3 hours
was used in three normal subjects; in two of
these the ampullae were uniformly dilated.
Eight patients under surgical anesthesia pro-
vided 11 specimens of skin. In 6 of these S
patients the ampullae were moderately or
markedly dilated. No correlation was found
between glycogen depletion of the secretory
tubule and the size of the ampulla.
Post-Mortem Skin
In one ease examined all ampullae were found
contracted.
Miliaria Patients
Eleven out of 16 showed a striking variance
in the size of ampullae, which ranged from
complete closure to wide dilatation. This pheno-
menon was seen only twice in 16 other subjects,
one under general anesthesia and the other an
adult suffering from chronic atopic dermatitis
and showing symptoms of a sweat retention
syndrome.
In normal subjects, therefore, thermal sweat-
ing appears to be a cause of dilatation of the
ampullae and it seems likely that the same
cause obtains in patients under general anes-
thesia, even though they have received atropine
as pre-operative medication; this suggests a
similarity to the increased sweating observed
by Kuno (10) during sleep, and attributed by
him to a relaxation of the higher nerve centers.
DIsCUssION
Although the sweat glands have been known
for over a century no previous description of
the ampulla has appeared. This oversight is
possibly explained by the fact that the majority
of skin specimens from normal subjects show
the ampulla in a state of contraction; should the
results obtained in a single post-mortem skin
be generally applicable the same oversight would
be made. In order to demonstrate the ampulla
satisfactorily in normal subjects one has to
induce thermal sweating or remove skin under
surgical anesthesia, examine it after serial sec-
tioning and preferably staining with PAS. The
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vivid contrast shown with this method is far
more striking than that shown by the best black
and white illustration.
Function
The tentative suggestion (1), that the am-
pulla is a pumping organ concerned with the
delivery of sweat, becomes less likely as one
proceeds with this enquiry. Although myoid
fibers undoubtedly exist in the walls of the
ampulla and are made visible by selective stain-
ing, they are neither more numerous nor stouter
than those of the secretory coil, being a simple
prolongation of these, and are hardly compatible
with the musculature of a structure whose prim-
ary function is that of a pump. They would,
however, be adequate to ensure contraction and
aid the forward movement of sweat initiated by
the myoepithelium of the secretory coil, once
the sphincter relaxes.
It must of course be assumed that the myo-
epithelium of the eecrine is comparable in
function with that of the apocrine glands; in
these Hurley and Shelley (11) have brilliantly
demonstrated waves of peristaltie contraction.
Assuming the likelihood of such a forward
peristaltic propulsion, with intermittent relaxa-
tion of the sphincter, not only the delivery of
ecerine sweat to the surface, but its delivery in
the form of periodical discharges (10) would be
adequately explained.
The presence of RNA in ampulla and duct
suggests that these are sites of metabolic activity;
it has previously been reported abundantly
present in the ducts by Montagna et at. (9) and
Lobitz et at. (12). Its appearance in such quan-
tity and with such abruptness at the junction
of secretory coil and ampulla suggests a sudden
change from secretory function to some other
dynamic biologic activity. Features which invite
special attention are the following:—
1. The sphincter;
2. The single row of parietal euboidal cells;
3. The extreme delicacy of the cuticle, and
4. The presence of eanaliculi.
The suggestion that the coiled duet has a
reabsorptive function, analogous to that of the
kidney tubules, has been made by several
authors and summarized by Montagna (4)
and Rothman (13). Recent observations by
Thompson (14) strongly support this hypothesis.
Excising dermal grafts that had been buried for
up to 4 years he found many of their eeerine
glands still functioning, as evidenced by their
glyeogen content and its disappearance after
piloearpine stimulation. Yet, although the duets
of these glands had no connection with the surface
of the skin, or other demonstrable outlet, no
histologic signs of sweat retention were visible.
If the principle of tubular resorption is accepted
then it is possible that the ampulla is specially
eoneemed. On this hypothesis closure of the
sphincter during active sweating would cause
dilatation of the ampulla, and possibly eanalieuli,
with additional time given for resorption. The
delicate cuticle and single row of parietal cells
can be pictured as aiding rapid absorption and
transport of fluids. Alkaline phosphatase activity
and the appearance of blunt papillae, as de-
scribed by Charles (6), and features 2 and 3
above are of course in accord with this concept.
Such a mechanism would presumably come
into action only during profuse sweating when
the conservation of water and solutes is re-
quired. In this way one can account for the
ampullae being in a state of contraction in nearly
all normal subjects unsubjected to forced sweat-
ing. This hypothesis would also account largely
for the negative results of intradermal injection
of various drugs, for these would have to produce
both prolonged profuse sweating and contraction
of the sphincter in order to dilate the ampulla.
It is noted, however, that sodium nitrite, in-
jected into a patient with dilated ampullae, did
not produce emptying.
The finding of an occasional contracted ampulla
among widely dilated ones could be explained by
the biopsy specimen having been removed
during the brief period of relaxation of the
sphincter and emptying of the ampulla. The
wide variations in size seen in miliaria specimens
might suggest a disturbance of the normal
rhythm.
SUMMAEY
The eeerine ampulla and its sphincter have been
described in detail. The previous belief, that it
is primarily eoneemed with the delivery of
sweat to the surface, lacks support and it is
tentatively suggested that its principal function
may be the resorption of sweat constituents.
Intradermal injection of various drugs did
not produce alteration in the size of the ampullae.
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